1. Introduction
===============

Acute aortic dissection (AD) is a rare and lethal cardiovascular disease that has an annual incidence of 3 to 4 per hundred thousand.^\[[@R1]\]^ For Stanford A AD, which accounts for two-thirds of AD, emergency surgery is recognized as an effective treatment. Without surgical treatment, the natural death rate of the disease can reach 90% within a month of onset, while for surgical treatment patients the hospital death rate is between 10% and 20%.^\[[@R2]\]^ Myocardial markers, including troponin, creatine kinase, and myoglobin (Mb), have been widely confirmed to increase in acute coronary syndrome patients and reflect the severity of myocardial injury.^\[[@R3],[@R4]\]^ Recently, many studies have evaluated the prognostic value of perioperative myocardial markers in various cardiac surgery such as valvular surgery, coronary artery bypass grafting (CABG), and congenital heart disease.^\[[@R5]--[@R7]\]^ However, few patients of thoracic aortic surgery were included in previous studies. Especially for patients with Stanford A AD, small sample evidence is difficult to draw a definitive conclusion. Pattern in perioperative myocardial enzymes changing and determinants of it have been shown to vary from different cardiac surgery.^\[[@R8]\]^ Compared with other cardiac surgeries, type A AD surgery has a less frequent direct myocardial incision and coronary artery treatment, but the cardiopulmonary bypass (CPB) duration and aortic clamp time is much longer. Therefore, the changes of perioperative myocardial enzymes of AD and their prognostic effects are worth studying. To address this knowledge gap, we conducted this retrospective cohort study to determine the levels of a series of myocardial enzymes, including high sensitivity troponin I (hs-TnI), myoglobin (Mb), and creatine kinase isoenzyme-MB (CK-MB), before and after the surgery of acute type A AD, and their prognostic value on short- and long-term all-cause mortality.

2. Method
=========

2.1. Study design
-----------------

This study was designed as a retrospective cohort study that continuously collected data on Stanford type A AD patients who underwent surgery in Anzhen Hospital from January 2015 to May 2017. All patients were diagnosed by computed tomography angiography or ultrasound cardiogram (UCG). The exclusion criteria were as follows: patients did not undergo surgery, surgery was performed after 7 days since onset, previous surgical procedures for AD. Demographic data, operation related factors, and UCG funding were obtained as surrogate information of adverse outcomes according to previous studies about surgical risk prognosis in AD.^\[[@R9],[@R10]\]^ Patient source provinces and surgeon information were collected as adjustment variables for regression analysis. All participants were prospectively followed up using telephone or text message for a median period of 864 days. All-cause mortality at 30 days and at the end of follow-up was defined as the end point. All data related to the study were obtained after approved by the ethics committee of Anzhen Hospital. The informed consent of this study was obtained through patients or family members at follow-up.

2.2. Blood sample test
----------------------

Preoperative myocardial biomarkers levels were measured within 24 hours before surgery. Postoperative myocardial markers were measured within 72 hours after operation. Data outside this time frame was excluded.

Serum myocardial biomarkers were measured using a chemiluminescence assay (Beckman DX1800 automatic chemical analyzer and AU5400 automatic biochemical analyzer, Coulter, California). The upper reference limit (URL) for the hs-TnI, CK-MB, and Mb were 0.04 ng/mL, 174 U/L, and 6.3 ng/mL, respectively.

2.3. Surgical method
--------------------

As previous reported, we classified type A AD patients into 6 subtypes based on the pathological change of the aortic root and arch.^\[[@R11]\]^ Appropriate surgical methods were selected according to different subtypes. In summary, ascending aortic replacement was performed for aortic valve mild involved patients and ascending aortic replacement with concomitant aortic valve/valsalva sinus plasty or Bentall procedure was performed for moderate to severe aortic valve involved patients. Total aortic arch replacement combined stented elephant trunk implant procedure with the use of deep hypothermia circulatory arrest was performed in patients with severe aortic arch involvement. Patients with mild or nonaortic arch involvement underwent partial aortic arch replacement. Other surgical procedures, such as David or Wheat procedure, were also used when the indications were met, but they are rarely performed in our center. Detailed descriptions of surgical procedures are reported in previous articles.^\[[@R12]\]^

2.4. Statistical analysis
-------------------------

All analyses were performed using statistical packages R (The R Foundation; [http://www.Rproject.org](http://www.rproject.org/) version 3.5.2). Continuous variables were expressed as mean ± standard deviation or median (quartile range) and classified variables are expressed as frequencies. One-way ANOVA test, Kruskal--Wallis were used to test for significant differences between groups of continuous variables. Blood test results were transferred to log~10~ formation before included into regression analyses since they were all nonnormal distributed. Univariate Cox regression analyses were conducted to determine the variables independently associated with outcome. Myocardial biomarkers were stratified into 3 tertiles and variables with *P* \< .1 in univariate analysis were included in multivariate Cox regression analysis. The receiver operating characteristic curves of mortality were plotted to detect the predictive accuracy of myocardial biomarkers. Event analyses were performed using time-to-event data. Data from the last time point of follow-up were used for patients lost in follow-up. The survival curve was plotted with Kaplan--Meier method and log rank analyses were performed. Results of regressions are presented as the hazard ratio (HR) and the 95% confidence interval (CI). Statistical significance was defined as *P* \< .05.

3. Results
==========

3.1. Baseline clinical characteristics of participant
-----------------------------------------------------

A total of 583 people were recruited into the study consist 158 women and 425 men, aged 48.60 ± 11.63 years old. The patient\'s baseline characteristics are shown in Table [1](#T1){ref-type="table"}. The median follow-up period was 864 days (interquartile range 615--1155 days). Sixteen patients lost at 30 days after surgery and 132 patients lost at the end of follow-up. Seventy (12%) patients did not survived 30 days after the operation and 106 (30.7%) patients was confirmed death at the end of follow-up. In hospital complications in the deaths include multiple organ dysfunction syndrome (n = 11), respiratory failure (n = 15), sepsis (n = 8), cerebral infarction or hemorrhage (n = 28), cardiovascular adverse events (n = 29), and acute renal failure (n = 22). Pre- and postoperative myocardial markers were actually measured at average of 13.4 hours before and 6.24 hours after surgery, respectively.

###### 

Baseline patient characteristics stratified by survived in 30 d or not.
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Patients who did not survive 30 days after surgery were older, had higher admission systolic blood pressure, shorter onset time, and had longer operative and CPB time. In terms of perioperative blood tests, patients had lower preoperative hemoglobin, platelet, higher preoperative D-dimer, poorer renal function, and higher postoperative myocardial marker levels were more likely cannot survive 30 days after surgery. There were no significant differences in levels of preoperative myocardial markers, body mass index, UCG parameters, AD subtype, coronary artery disease, and other medical history between 30 days death or not.

3.2. Changes in perioperative myocardial markers
------------------------------------------------

Comparison of preoperative and postoperative myocardial markers revealed a significant increase in myocardial markers after operation. With URL as the critical point, the positive rates of preoperative hs-TnI, CK-MB, and Mb were 22.8%, 32.6%, and 33.1%, respectively. The positive rates of postoperative hs-TnI, CK-MB, and Mb were 99.4%, 97.7%, and 97.2%, respectively (Table [2](#T2){ref-type="table"}).
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Comparison of myocardial markers before and after surgery.
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3.3. Predictors for short- and long-term mortality
--------------------------------------------------

To determine risk factors for short- and long-term mortality, univariate and multivariate Cox regression analyses were performed for all-cause mortality at 30 days and the end of follow-up, respectively. Age, heart rate, systolic blood pressure, operative time, CPB time, perioperative myocardial markers, onset to operative time, preoperative hemoglobin, platelet count, and D-dimer were found to be predictors for 30-day all-cause death in univariate analysis. Multivariate Cox hazard analysis demonstrated that age (HR, 1.03; 95% CI 1.01--1.05; *P* = .0096), operation time (HR, 1.24; 95% CI 1.01--1.52; *P* = .0364), Log10 postoperative TnI (HR, 2.50; 95% CI 1.16--5.40 *P* = .0198), and preoperative CK-MB positive at the best cut-off value (HR, 6.05; 95% CI 1.61--22.66 *P* = .0076) were independent predictors for 30 days all-cause mortality. As for the mortality at the end of follow-up, high systolic blood pressure (HR, 1.02; 95% CI 1.01--1.04 *P* = .0081), total aortic arch replacement (HR, 2.12; 95% CI 1.07--4.22 *P* = .0320), and concurrent coronary artery bypass grafting surgery (HR, 3.12; 95% CI 1.56--6.23 *P* = .0013) were risk factors while longer time from onset to operation (HR, 0.75; 95% CI 0.60--0.95 *P* = .0171) was protective factor. Perioperative myocardial markers were not associated with long-term mortality independent of other factors (Table [3](#T3){ref-type="table"}).
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Univariate and multivariate Cox regression analysis associated with 30 d and long-term all-cause mortality.
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3.4. Prognostic value of myocardial biomarkers for short and long mortality
---------------------------------------------------------------------------

Adjusted Cox regression model was performed to determine whether perioperative myocardial markers were independently associated with short- and long-term mortality. It was found that postoperative TnI, Mb, and perioperative CK-MB were significantly associated with 30 days mortality after adjusting for age, sex, systolic blood pressure, surgeon, onset time, operation time, estimated glomerular filtration rate, hemoglobin, platelet, and D-dimer. Higher log post-CKMB has the highest risk effect (HR, 4.64; 95% CI 1.89--11.43; *P* = .0008) followed by log post-TnI (HR, 3.11; 95% CI 1.56--6.21; *P* = .0013), log post-Mb (HR, 3.00; 95% CI 1.40--6.43; *P* = .0048), log pre-CK-MB (HR, 1.82; 95% CI 1.03--3.21; *P* = .0377), and upper tertile of post-CK-MB (HR, 1.52; 95% CI 1.05--2.20; *P* = .0261). For long-term mortality, multivariate Cox analysis demonstrated that all cardiac biomarkers were not independent predictors after adjusting for age, gender, surgeon, coronary artery disease, operation time, onset time, surgical method, left ventricular end diastolic diameter (LVEDD), and pericardial effusion (Fig. [1](#F1){ref-type="fig"}).

![Impact of myocardial biomarkers levels on postoperative short and long-term mortality. CI = confidence interval, CK-MB = creatine kinase MB isoenzyme, HR = hazard ratio, Mb = myoglobin, post = postoperative, pre = preoperative, TnI = troponin I.](medi-98-e17023-g004){#F1}

Receiver operating characteristic curves were plotted to directly compare the diagnostic value of perioperative myocardial biomarkers for 30 days all-cause mortality. Post-TnI showed the largest area under curve of 0.711, followed by post-Mb (0.699), pre-CK-MB (0.694), and post-CK-MB (0.678). Other previously reported risk factors for early AD mortality, such as serum creatinine and D-dimer, showed a weaker ability than myocardial markers in predicting early surgical outcome. The best cut-off values of post-TnI, post-Mb, pre-CK-MB, and post-CK-MB were 5.71 ng/mL, 1665.8 ng/mL, 33.25 ng/mL, and 38.30 ng/mL, respectively (Fig. [2](#F2){ref-type="fig"}).

![ROC curve of myocardial biomarkers for postoperative short-term mortality. AUC = area under curve, ROC = receiver operating characteristic.](medi-98-e17023-g005){#F2}

Kaplan--Meier analysis showed that patients with upper tertile of perioperative myocardial markers level had a higher short-term mortality than those with lower tertile (Figs. [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}). In contrast, perioperative myocardial markers did not distinguish long-term mortality. It is interesting that patients with higher perioperative myocardial markers appeared to have lower long-term mortality, but the difference was not significant (Fig. [5](#F5){ref-type="fig"}).
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![Kaplan--Meier analyses of postoperative hs-TnI (A), myoglobin (B), and CK-MB (C) for postoperative short-term mortality.](medi-98-e17023-g008){#F5}

To verify the consistency of perioperative myocardial markers in predicting early mortality in different subgroups, we performed stratified analysis and calculated the interaction *P* value. The risk effect of high preoperative CK-MB level was significant higher in subgroups of smaller LVEDD, smoking, needing for aortic valve replacement, and shorter onset time. However, in different subgroups, there was no significant difference in the predictive effect of postoperative TnI on early mortality (Supplementary Table 1).

3.5. Factors associated with perioperative myocardial markers
-------------------------------------------------------------

Associations of perioperative myocardial markers levels with clinical variables, and laboratory and UCG variables were shown in Supplementary Table 2. Gender, body mass index, heart rate, severe aortic regurgitation, estimated glomerular filtration rate, and platelet count appeared to be associated with preoperative myocardial enzymes, but none of these variables showed significant association with preoperative myocardial enzymes in multivariate linear regression. As for postoperative troponin I level, multiple linear regression confirmed that preoperative CK-MB, CPB time, and operative time were significantly correlated with it.

4. Discussion
=============

Myocardial marker is an important method to diagnose myocardial infarction. However, as the application of rapid high sensitivity assays in routine diagnosis, doctors were more likely to confront with increased myocardial markers patients beside myocardial infarction patients.^\[[@R13]\]^ Many studies have found that elevated myocardial markers reflect myocardial injury in addition to infarction, and suggest a worse prognosis.^\[[@R14]\]^

This is the first study to evaluate the effect of perioperative myocardial markers on short- and long-term prognosis of patients undergoing acute type A AD in a large sample. We found that the positive rate of preoperative myocardial markers in acute type A AD surgery patients ranged from one-fifth to one-third. In the majority of patients, postoperative myocardial markers exceeded 99th URL. Some previous studies have found that certain number of acute type A AD patient have a positive troponin (23--54%),^\[[@R15]--[@R17]\]^ the results of this study consistent with previous reports. However, we doubt whether the rough data of the positive ratio can be compared, because the time from onset to admission varies in different studies, and this data is rarely mentioned in previous studies. As we know, it takes time for cardiac markers to change and peak. For example, serum troponin levels in patients with myocardiac infarction start to rise 3 to 6 hours after onset, peak in 10 to 24 hours, and resume normal in 5 to 7 days. Therefore, more studies considering the time of onset should be carried out in the future to accurately describe the time changes of myocardial markers after the onset of type A AD.

Previous studies focus more on the predictive effect of myocardial markers, especially troponin elevate, on the preoperative mortality of type A AD, and found that the preoperative increase of troponin could increase the mortality of type A AD. However, all the patients included in the 4 previous studies included surgical and nonsurgical patients.^\[[@R18]\]^ Therefore, it is not possible to accurately evaluate the short- and long-term prognosis of preoperative myocardial markers in surgical patients, and it is not possible to guide the surgical decision-making. Only surgical patients were included in this study, and independent effect of preoperative myocardial markers on early mortality was confirmed. Interestingly, patients with higher perioperative myocardial markers showed a reduced trend in terms of long-term mortality, although the difference was not statistically significant. For the first time, we found some subgroups that affect the prediction effect of preoperative myocardial enzymes on early mortality, such as smoking, LVEDD, and onset time. This means that if the patient smoked, had a smaller left ventricular end-diastolic diameter, or had a shorter onset time, the elevation of myocardial enzymes should be more noteworthy, since its risk effects are significantly increased. Previous studies have reported that smoking is associated with increased troponin in response to subclinical myocardial injury, and mortality is significantly increased when smoking is coupled with increased troponin.^\[[@R19]\]^ The conclusion that smaller LVEDD is more dangerous seems to be contrary to clinical experience because larger LVEDD seems to represent heart enlargement and poor cardiac function. We believe that this is because most patients with AD have chronic hypertension. Left ventricular hypertrophic cardiomyopathy suggests long-term poor blood pressure control. Once myocardial enzyme elevation occurs, it indicates a higher risk of early mortality after surgery. The relationship between ventricular thickness and prognosis in patients with AD is still unclear, which needs further study.^\[[@R20]\]^ The mechanism by which shorter onset increases the risk of cardiac enzymes is unknown, we hypothesized that survival bias leads to this result. Patients with high myocardial enzyme died rapidly in the early stage of the disease, while patients with low myocardial enzyme level and at low risk remained. This results in a decreased risk of early death from myocardial enzymes over time.^\[[@R2]\]^ Therefore, we believe that patients with high myocardial enzymes should not be delayed or wait for myocardial markers to decline, but should undergo prompt surgery in time and reverse the cause of myocardial injury.

The preoperative elevation of myocardial markers in patients with type A AD is mainly a result of coronary ischemia caused by blood pressure fluctuations, severe aortic regurgitation caused by type A dissection involving the aortic sinus, and cover of coronary ostia by intimal flap. But all of these conditions reversed in timely surgery, such as aortic sinus plasty or Bentall surgery. Therefore, in this study, postoperative myocardial markers were found to have stronger risk effects on the early mortality. But the prediction effect of preoperative myocardial markers on the early mortality of surgery is also acceptable and has a greater significance in clinical application.

In cardiac surgery, even without perioperative myocardial infarction, there is an increase in postoperative myocardial markers.^\[[@R21]\]^ CPB and cardiac arrest caused by cardioplegia fluid can lead to myocardial injury. Ischemia and reperfusion injury may also result in postoperative myocardial injury and necrosis. The reasons for the increase of myocardial markers after different cardiac surgery vary. Myocardial enzymes increased the most after valvular surgery and decreased to normal for a longer time. Compared with other cardiac surgery, AD surgery takes much longer time of extracorporeal circulation and aortic occlusion, the increase of postoperative myocardial markers is mainly attributed to the myocardial injury caused by CPB. In our study, the increase of postoperative TnI was mainly correlated with the increase of CPB, operative time, and preoperative CK-MB. Compared with other cardiac surgeries, type A AD surgery requires longer CPB time, operation time, and aortic clamp time, especially for total aortic arch replacement. Although our study did not focus on CPB related variables, we believe that a more detailed study should focus on CPB parameters such as cardioplegia fluid solution, delivery of cardioplegic solution, and temperature of hypothermia with circulatory arrest. In order to review the current CPB strategy for aortic surgery, myocardial markers are not only associated with myocardial structural injury, but also reflect cardiac function.^\[[@R22],[@R23]\]^ In this study, the leading causes of death at 30 days were cardiovascular adverse events, including low cardiac output syndrome, fatal arrhythmias, myocardial infarction, tamponade, and aortic rupture. However, the long-term mortality to the end point of follow-up was mainly related to diabetes, coronary heart disease, and other chronic morbidity, and the death was less related to short-term myocardial injury after surgery, and perioperative myocardial markers could not predict long-term prognosis.

With the mature of the early diagnosis and surgical technology of aortic disease, current research hot spots are to shorten diagnosis delay, shorten delay from onset to surgery, and evaluate long-term outcome in different subgroups.^\[[@R24],[@R25]\]^ Myocardial markers, as a widely used screening tool for chest pain units, are often detected in the initial diagnosis of aortic disease. Especially the widespread of standardized sensitive assay, it is possible to test for perioperative myocardial markers in routine diagnosis and treatment of all patients with AD. Although myocardial markers could not predict the long-term all-cause mortality of patients undergoing AD, they could significantly predict the short-term prognosis. Therefore, we believe that myocardial marker examination, especially postoperative myocardial marker examination in the intensive care unit, should be a routine examination item for patients with type A AD. Because this can detect small area of myocardial injury or perioperative myocardial infarction in advance, and guide the timely response measures such as angiography or extracorporeal membrane oxygenation support.

Previous studies on perioperative myocardial enzymes and long-term mortality in cardiac surgery have drawn different conclusions. Bojan et al found that troponin can only predict long-term mortality in patients without effective intraoperative myocardial protection and suffer from perioperative myocardial infarction.^\[[@R26]\]^ Bottio et al found that cardiac surgery patients with troponin greater than 35 μg/L or cardiac insufficiency at discharge would recover after 1 year of follow-up.^\[[@R27]\]^ In our study, no significant relationship was found between perioperative myocardial markers and long-term mortality after AD, suggesting that the increase in perioperative myocardial enzymes in patients with AD was mainly attributed to CPB and the recoverable temporary myocardial injury caused by preoperative acute ischemia. Although our study demonstrated that preoperative elevated myocardial enzymes increased postoperative mortality, currently, coronary artery involvement by dissection is an indication of the need for emergency surgical management of AD. Therefore, the association between myocardial enzymes and mortality after AD should be a prompt for careful observation and timely response and should not interfere with surgical treatment decisions.

5. Limitaion
============

This study based on a large type A AD patient sample of single center in China. Whether the results can be applied to other races requires other research verification. In addition, it is worth noting that previous studies also suggest that the continuous increase of myocardial enzymes 24 hours after surgery reflects the occurrence of perioperative myocardial infarction. But in our study, the postoperative mean measurement time of myocardial enzyme was 6 hours in the early postoperative period, so more studies should be carried out to further verify whether postoperative late myocardial enzyme elevation is also irrelevant to long-term prognosis.

6. Conclusion
=============

Both preoperative and postoperative cardiac biomarkers levels were independent predictor for early mortality in Stanford A AD. Early postoperative myocardial markers, including hs-TnI, CK-MB, and Mb, reflect both preoperative myocardial ischemia and intraoperative CPB injury, have better efficacy in predicting early mortality. Comparative analysis showed postoperative hs-TnI had stronger prognostic value for early mortality to CK-MB and Mb. Neither preoperative nor postoperative myocardial markers can predict the long-term all-cause mortality after Stanford A AD surgery. The causes of perioperative changes of myocardial markers in patients with AD deserve further study to identify high-risk groups and take early action.
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